Abstract Characteristics, HIV risk, and program coverage for underage female sex workers (FSW) are rarely systematically described worldwide. We compared characteristics of underage (15-17 years old) and adult (C18 years old) FSW in three main urban areas of Mozambique (Maputo, Beira and Nampula) using data from three respondent-driven sampling surveys implemented in 2011-2012. Among survey participants, 9.8 % (39/400) in Maputo, 17.0 % (70/411) in Beira and 25.6 % (110/429) in Nampula were underage. Over half reported performing sex work to afford daily living, and 29.7-50.0 % had unprotected sex with their last client. The proportion of underage FSW having accessed care and prevention services was lower compared to adult FSW. While HIV prevalence among underage FSW was lower than in adults, it increased markedly with age. Our results point to the urgency of expanding prevention and care programs geared towards underage FSW.
Introduction
Female sex workers (FSW) are at higher risk for HIV than the general population [1, 2] . Most studies in Southern Africa have found that more than half of FSW were infected with HIV [2] . Other studies estimate that 20-40 % of FSW enter the industry at the age of 16 years or younger and may be at higher risk of sexual and physical violence, HIV/STI infection, and suicide [3] . Yet, research that actually documents violence against FSW is lacking globally [4] , and underage FSW are frequently excluded from HIV research and programs, including from clinical trials to prevent HIV [3] . The involvement of underage women in sex work (defined as FSW younger than 18 years old) has been documented in sub-Saharan Africa, Asia, and the Americas [2, 3, 5] . However, data on underage FSW and their risk factors for HIV infection in sub-Saharan Africa are rare [2, 3] . Thus, there is an urgent need for quantitative research that identifies health needs and the conditions that force underage women into sex work, and can help protect them from exploitation [5, 6] .
Mozambique, situated in Southern Africa, has a high prevalence of HIV among the general population, estimated at 11.5 % (95 % confidence interval [CI] 10.3-12.6 %) in 2009. HIV prevalence is higher among women (13.1 %, CI 11.7-14.5 %) compared to men (9.2 %, CI 8.0-10.4 %) [7] . HIV infections among sex workers, their clients, and the partners of their clients are regarded as important contributors to the HIV epidemic in Mozambique [8] comprising 19 % of infections according to a 2008 modes of transmission report [9] .
Published [10] [11] [12] and unpublished [13] [14] [15] literature has documented the involvement of underage women in transactional sex in Mozambique. Transactional sex is understood as offering sex in exchange for goods, services or money, which can be part of relatively stable sexual relationships that may not necessarily be defined as commercial by those involved in them. However, the factors that can put these underage women at risk of HIV infection have yet to be documented in Mozambique. Additionally, few studies have focused specifically on underage women involved in commercial sex (exchange of sex explicitly for money), as opposed to transactional sex. Three integrated bio-behavioral surveillance (IBBS) surveys implemented in 2011-2012 in Mozambique estimated that 2.0-5.0 % of women aged 15 or older in the three main urban areas of the country (Maputo, Beira, and Nampula) were FSW [16] . The surveys do not, however, provide population size estimates for underage FSW specifically.
The present analysis, focusing specifically on commercial sex, is based on data from the three IBBS surveys in Mozambique. FSW were defined as biological females aged 15 years or older, who had received money in exchange for sex from a man other than a main partner in the 6 months preceding their participation in the survey. This analysis compares differences in socio-demographic, behavioral and health characteristics of underage (15-17 years old) and adult (C18 years old) FSW in the three main urban areas of Mozambique. An underage person was defined as per Article I of the United Nations Convention on the Rights of a Child as a human being under the age of 18 [17] . The decision to include underage women (age [15] [16] [17] in the survey was carefully assessed [18] . Based on evidence from other studies in Mozambique [12, 14] , the exclusion of this age group from surveillance would result in failure to collect valuable data, useful for policy and programmatic purposes, potentially causing more harm to the population. For the individual participant, the survey provided a unique opportunity to receive free counseling specific to their individual needs and risk factors, in a safe environment, where participants were linked to FSW and youth friendly health and social services. Additionally, the results of the survey provide valuable information that can be used to develop much needed interventions aimed at the prevention of underage sex work and mitigation of health problems for this vulnerable population.
The aim of this analysis is to draw attention to the problem of underage women engaging in sex work, contribute to understanding of characteristics and factors that can place underage FSW at risk of HIV infection and provide information to assist with the design of HIV prevention programs relevant to this sub-population in Mozambique and in Southern Africa [3] .
Methods
Overall Study Design, Target Population, Recruitment, and Sampling
The study sample was obtained from three IBBS surveys among FSW conducted in 2011-2012 in Maputo, Beira, and Nampula, the main urban areas in Mozambique. These IBBS surveys aimed to estimate HIV prevalence and associated risk factors, evaluate access to and use of healthcare services, and estimate the size of the FSW population aged 15 years and over in each area. Respondent-driven sampling (RDS) has been used in several other countries to study hard to reach populations and has been described in detail elsewhere [19] [20] [21] [22] .
The studies began with a formative assessment phase that included ethnographic mapping of FSW venues and social networks. Data for this phase were collected through focus group discussions, observation, and key informant interviews with active FSW, former FSW, and providers working with FSW. The formative assessment identified potential ''seeds'' to launch recruitment chains for the main survey. Seeds were drawn from distinct geographic areas and comprised a diverse set of demographic characteristics in each area. Participants were recruited in each survey area using RDS, an approach of long-chain peer referral sampling which, if theoretical assumptions are met and implemented, can provide probability-based or representative estimates of the target population [22] .
Study eligibility criteria included: being a biological female aged 15 years or older; having received money in exchange for sex from a man other than a main partner in the last 6 months; living, working, or socializing in the survey areas; being in possession of a valid referral coupon received from an FSW peer; and being capable and willing to provide a written informed consent. Previous participation in the survey or inability to provide informed consent, including being under the influence of alcohol and drugs, were reasons for exclusion. Nationality was not an exclusion criterion.
After verifying participant eligibility, obtaining informed consent, completing the survey and HIV/STI counseling and testing, survey personnel gave each participant three to five referral coupons and instructed them to randomly refer FSW who were part of their social networks using the coupons. This pattern of recruitment through referral using a coupon was maintained until the desired survey sample size was achieved and equilibrium (i.e., stability in the make-up of the sample with respect to key variables) was reached in each of the survey areas. Equilibrium was checked weekly during recruitment. Equilibrium variables included age group, educational level, student status, marital status, place of last client pick-up, contact with peer educators, neighborhood of residence, network size, number of clients in the last month, known HIV status and rapid HIV test result. Each participant received a primary incentive for their participation in the survey and a secondary incentive for each additional participant successfully recruited (someone they referred, who was eligible and who participated in the survey). The primary incentive consisted of a beauty/health kit, valued at *$8 USD and reimbursement for transportation (*$2 USD). The secondary incentive consisted of *$2 USD worth of mobile phone voucher for each participant successfully recruited to compensate for costs associated with locating and inviting the participant to the survey. These costs were decided upon in the formative research, which ensured that values were sufficient to cover costs while not overly high so as to be coercive.
Measures
A standardized questionnaire adapted for the Mozambican context was used to collect participants' behavioral and social network data. Questionnaire domains included: socio-demographic information; sex work and sexual history; sexual behavior and risks with the two most recent clients and two most recent non-clients; condom usage; HIV and AIDS program exposure; HIV knowledge; knowledge of STI and self-reported STI infection; healthcare access and healthcare-seeking behavior; HIV testing history; HIV care and treatment; experience of stigma and discrimination; use of alcohol and non-medically prescribed drug use; and social network size. Alcohol misuse was measured using the Alcohol Use Identification Disorders Test (AUDIT)-C screening tool [23] . Dried blood spots (DBS) were used to collect blood specimens, which were tested in the central laboratory of the National Institute of Health (Instituto Nacional de Saúde -INS) in Maputo City, Mozambique, using a testing algorithm consisting of three sequential ELISA tests.
Study participants gave separate written informed consent before engaging in each procedure, including: completion of the behavioral questionnaire, rapid HIV testing with return of results, and preparation of DBS samples to be sent to the INS for storage and laboratory testing for HIV.
Ethical Considerations
The study was approved by the National Bioethics Committee for Health (Comité National de Bioética para a Saúde -CNBS) in Mozambique and the Committee on Human Research (CHR) of the University of California, San Francisco (UCSF) in the United States of America. The age of adulthood in Mozambique is 18 years old. However prior qualitative studies have found that underage women were also engaged in sex work [24, 12, 14] . Ethical approval to interview sex workers aged 15-17 who were able to provide consent based on their status as emancipated underage persons was granted by the committees above. If desired, women, including underage FSW, were linked to the Office for Women and Children of the Mozambican police, under the Ministry of the Interior, which provides access to the legal system in a safe environment to victims of violence. They were also referred to the Mozambican League of Human Rights which provides legal counsel free of charge.
Analysis
Each participant's behavioral questionnaire was entered into a QDS TM database and HIV test results were entered into a Census and Survey Processing System (CSPro) database. The databases were merged, checked and cleaned using R version 2.15 (R Development Core Team, 2011). Data from the three surveys were not merged given the RDS sample was drawn from different cities with distinct networks and cultural contexts. RDS Analyst [25] was used to check for equilibrium, homophily/heterophily and crossgroup recruitment, and to generate weighted estimates. We ran several diagnostics, including bottleneck plots, to assess that the underlying assumptions of RDS had been met. Having found no evidence of bottlenecking or trapping of chains within distinct networks with respect to key variables (e.g., age), we analyzed the data using a single estimator across the indicators. Weighted Chi square tests and Fisher's exact tests were used to compare differences in proportions between underage and adult FSW.
Results

Study Sample and Socio-demographic Characteristics of Underage FSW
A total of 1240 FSW aged 15 years and older participated in the three surveys; 400 in Maputo, 411 in Beira, and 429 in Nampula. Of these, 17.7 % (219) were aged 15 to 17 years with 9.8 % in Maputo (n = 39), 17.0 % in Beira (n = 70), and 25.6 % in Nampula (n = 110). Survey recruitment was completed in 14 waves in Maputo, and 19 in Beira and Nampula. Equilibrium was achieved in all three areas for key variables, including age group, educational level, place of last client pick-up, and contact with peer educator. Figure 1 presents recruitment tree diagrams with color nodes indicating participant age group (age 15-17 vs 18 and older). Recruitment homophily was close to one in all three cities (1.05 in Maputo, 1.11 in Beira and 1.16 in Nampula) within these groups. Table 1 presents socio-demographic and sex work characteristics of underage FSW for each urban area. Among underage FSW, 51.7 % in Maputo, 77.7 % in Beira, and 87.5 % in Nampula were attending school at the time of the survey. The majority of underage FSW (64.6-74.5 %) had completed primary school, and between 52.1 and 70.8 % spoke a local language in their household as opposed to Portuguese. Among underage FSW in Maputo, Beira, and Nampula, 32.1, 48.0 and 29.0 %, respectively, had been away from home for more than one month in the six months before the study, and more than six in 10 had at least one stable, non-client partner in the last six months. In Maputo, Beira, and Nampula, 14 (28.4 %), 21 (30.8 %), and 30 (25.6 %) underage FSW had ever been pregnant and 8 (21.6 %), 12 (13.9 %), and 16 (9.3 %) had ever had an abortion, respectively. Six (14.1 %, Maputo), 15 (19.9 %, Beira), and 12 (14.9 %, Nampula) underage FSW earned money from activities other than sex work in the month before participating in the survey. About one in 10 had initiated sex work over two years before the survey, with 23.0, 19.8, and 31.3 % having done so under the age of 15. In Maputo, Beira, and Nampula, the majority of underage FSW reported having performed sex work in the past 6 months in order to meet daily needs and 8 (23.2 %), 11 (20.9 %), and 44 (32.4 %) underage FSW, respectively, reported having done so to pay for schooling.
Sexual Behaviors
In Maputo, Beira, and Nampula, 43.2, 27.6, and 51.8 % of underage FSW had at least three partners in the last month (Table 2 ). Approximately half of underage FSW (43.0, 43.2, and 62.9 %) had unprotected sex with their last nonclient partner, and 30.2, 39.5, and 55.2 % had unprotected sex with their last client in Maputo, Beira, and Nampula. In Maputo, a higher percentage of underage FSW had unprotected sex with their last client compared to adult FSW (p \ 0.001). The main reasons given by participants ages 15-17 for not having used a condom the last time they had sex with their last client was partner refusal (42.9 %) and not having a condom (26.5 %) (data not shown). In Maputo and Nampula, about one-third of underage FSW were at least 10 years younger than their last client.
HIV Knowledge and Access to Services
About half of underage FSW had comprehensive knowledge about HIV 1 in the three urban areas, but this knowledge was lower than among adult FSW in Maputo and Nampula (p \ 0.001 and p = 0.046, respectively) ( The proportion of underage FSW who had contact with peer educators was lower in Maputo and Nampula (3.6 vs. 19.3 and 13.0 vs. 28.4 %, respectively). In Maputo and Beira the percentages of underage FSW who had received free condoms in the last 6 months were lower compared to adult FSW (39.6 vs 61.6 and 22.2 vs. 33.7 %, respectively). The percentage of underage FSW who had ever used a female condom was lower compared to adult FSW in Maputo (7.6 vs. 25.1 %). The proportion of underage FSW having used a healthcare service in the past 6 months was lower compared to adult FSW in Maputo and Beira.
Health Characteristics
At least three in every 10 underage FSW in Maputo and Beira consumed alcohol in a manner indicative of abuse, as 1 Comprehensive knowledge about HIV meant correctly responding to questions about the means of transmission and prevention of HIV and rejecting the major misconceptions about HIV transmission. Questions about HIV transmission and prevention where (a) people can reduce their risk of HIV by having only one sexual partner who does not have other sexual partners; (b) people can protect themselves from HIV by using a condom in each sexual intercourse; and (c) an apparently healthy looking person can have HIV. The major misconceptions about HIV transmission used for the indicator were (a) people can become infected with HIV by a mosquito bite; and (b) people can become infected with HIV by sharing a meal with a person infected with HIV. This is the first Global AIDS Response Progress Reporting (GARPR) indicator [26] .
per the AUDIT-C indicator [23] . Between 13.0 and 25.2 % of underage FSW had experienced sexual or physical abuse in the 6 months preceding the survey.
HIV prevalence among underage FSW was lower compared with adult FSW in each urban area (p \ 0.01). All HIV test results among participants younger than 18 in Maputo were negative, while 38.6 % of adult FSW were HIV-positive. In Beira, HIV prevalence was 4.9 % (4/70) among underage and 30.3 % among adult FSW; in Nampula 0.4 % (2/110) of underage and 24.8 % of adult FSW were HIV infected. A higher percentage of underage FSW in Maputo had an STI symptom in the 6 months preceding the survey compared to adult FSW (46.0 vs. 26.1 %, p \ 0.01).
Discussion
Our data provide new insight to an understudied sample of FSW in Mozambique and can help fill gaps in our understanding of this vulnerable population in the country. The study revealed that an important proportion of FSW (one in six) are under the age of 18, and that approximately one in five underage FSW initiated sex work when younger than 15. To put into context, in Mozambique approximately one in five adolescents age 15-17 had sex for the first time within the same time frame underage FSW in our sample initiated sex work [27] .
Unprotected sex and pregnancy were common among underage FSW in the three surveys, and prevention services were far less likely to reach underage than adult FSW. In all three cities, although HIV testing levels were higher among underage FSW than among the general population of girls ages 15-17 (19 %) [7] , they were significantly lower than among adult FSW. Moreover, fewer underage FSW in our study knew where to get tested and had accessed prevention or health services than adult FSW, including services such as peer outreach, educational sessions on HIV, free condoms, and healthcare.
As many as one-third of underage FSW in Maputo and Nampula were at least 10 years younger than their last client. The proportion of girls ages [15] [16] [17] in the general population of Mozambique having intergenerational sex is 8.4 % [27] . This finding is concerning in that intergenerational sex often compromises the ability of younger women to use a condom. Further, this acquisition from older men may be a source of infection to boys and young men who are also the partners of these FSW. These boys and young men, in turn may later transmit the infection to their younger female partners-a cycle that is a necessary condition to propagate a generalized, heterosexual epidemic. The phenomenon may be widespread as general population studies in Mozambique [7] and throughout subSaharan Africa [28] have shown a pattern of young age of infection among girls and older age of infection among boys.
Other factors highlight the risks to underage FSW. As many as one quarter of underage FSW experienced violence in the 6 months preceding the interview in two urban areas. Most underage FSW have both clients and regular non-client partners where condom use is low and comprehensive knowledge about HIV/AIDS is incomplete. Some factors contributed differently to the risk profile for different cities. For example, alcohol misuse appeared to be less of a factor for underage FSW in Nampula.
There are limitations to our study. First, peer recruitment assumes FSW are socially connected and have freedom of movement and the ability to choose to participate in the study. The surveys on which this analysis is based may not have included those held forcibly or under close scrutiny in such venues as brothels, as described elsewhere in the world [3] . While our surveys' data and our formative assessment did not identify such contexts in Mozambique, this area needs further exploration. RDS recruitment methods require peers to recognize each other as FSW and to some degree self-identify as FSW. Our cross-sectional study does not capture the sequence of events that might force or lead an underage woman into sex work. Moreover, the IBBS surveys were not designed specifically to examine underage FSW and the sample size for many variables was small, affecting overall precision. These limitations need to be addressed with studies of larger scale that are designed to look at this underage population.
Despite limitations, the surveys successfully recruited a large number of underage FSW and we were able to describe their socio-demographic characteristics, behavior, knowledge, and service access. Our data identified the existence of a sizeable number of underage women engaged in sex work in Mozambique, a serious violation of human rights that requires attention [6] . The gap in HIV testing and outreach to underage FSW needs to be addressed through scale up of FSW-friendly activities overall, with special emphasis on reaching younger ones. Given the high proportion of underage FSW currently studying, schools may be a viable avenue to reach them. In fact, our results suggest that underage FSW may be turning to sex work in order to afford secondary or higher levels of education. This may well be a primary driver of underage sex work in Nampula, located in a province lacking education infrastructure [29] where 32.1 % of women ages 15-49 had never completed any schooling [27] . In other Southern African contexts, structural interventions such as reduction of schooling costs or cash payments have been shown to reduce HIV risks and STIs, while also increasing school attendance [30, 31] .
Although the prevalence of HIV among underage FSW was low compared to adult FSW in our sample (with no infections detected among the underage in Maputo), the prevalence of recent self-reported STI symptoms was high with as many as 46 % having had one in Maputo. However, less than three in 10 underage FSW had used a healthcare service and less than one in 10 had been in contact with a peer educator in the last 6 months. These results point to the opportunity to expand prevention interventions in this population. Geração Biz is a clinic and school-based program implemented since 1999 with the aim to expand access to STI/HIV/AIDS services and reproductive health among Mozambicans aged 10-24. In tandem with other similar programs that target young people in Mozambique Geração Biz could be a starting point to promote additional structural and behavioral interventions. Moreover, interventions need to address several other underlying factors contributing to underage sex work; such as social (e.g., gender inequality), legal-political (e.g., laws and regulations concerning underage sex work), historical (e.g., sugar daddies), and economic (e.g., lack of livelihood opportunities) [32] .
Other interventions could offer sexual harm reduction methods, by ensuring that evidence-based biomedical interventions (such as PrEP) are made available to all sex workers, including underage FSW. Health care workers could benefit from receiving training in strategies such as Psychological counseling, Reproductive health services, Education, Vaccinations, Early detection, Nutrition and Treatment (PREVENT) that can be provided to adolescent FSW at the community level [6] . Other interventions that could be implemented in Mozambique include public awareness through the media, such as the Meninas da noite (Girls of the night) investigative reports in Brazil [33] ; telephone hotlines that provide confidential access to information for potential victims of exploitation; and education and training for police, youth-serving agencies, and politicians [34] . While such interventions for underage women will be politically challenging, findings presented here provide evidence of their need and provide a platform for advocacy.
